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ABSTRACT 

The Children's Lab at Northern State University 
(South Dakota) is a science concept development laboratory foi use by 
students in a physical science course for preservice elementary 
teachers. Its function is to develop science content knowledge in 
preservice elementary teachers, with the ultimate goal of developing 
science literacy in children. The theoretical and philosophical bases 
for the laboratory include (1) the idea that science can be 
understood only by tracing the history of ideas? (2) work on the 
structure of scientific knowledge? (3) knowledge of the nature of 
language and verification? (4) research on developing units of 
instruction? (5) study of the dynamics of learning and teaching? and 
(6) work on school science education- The British Museum of Natural 
History's Hall of Evolution, which traces concept development from 
simplest beginnings to ultimate implications > inspired this approach. 
The Children's Lab contains a number of units, each consisting of a 
series of learning stations at which elementary school teachers are 
trained to micro-^teach about the development of a scientific 
principle. Students learn meaningful ideas and see how they 
originated, and are interrelated anu applied. The program has been 
found to be effective, and has the potential for further development 
for special populations and classroom application. Appended are a 
discussion of the theoretical underpinnings of the Lab and data from 
a comparative study of two science curricula. 14 references. (MSE) 
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AASCU/ERIC Model Programs Inventory Project 



The AASCU/ERIC Model Programs Inventory is a two-year project seeking 
to establish and test a model system for collecting and disseminating 
information on model programs at AASCU-member Institutions — 375 of the 
public four-year colleges and universities in the United States. 

The four objectives of the project are: 

o To increase the Information on model programs available to 
all institutions through the ERIC system 

o To encourage the use of the ERIC system by AASCU 
Institutions 

o To Improve AASCU's ability to know about, and share 
Information on, activities at member institutions, and 

o To test a model for collaboration with ERIC that other national 
organizations might adopt. 



The AASCU/ERIC Model Programs Inventory Project is funded with a grant 
from the Fund for the Improvement of Postsecondary Education to the 
American Association of SXeXe Colleges and Universities, in collaboration 
with the ERIC Clearinghouse on Higher Education at The George 
Washington University. 
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A BSTR A C T 

Thla pap^r deecrlbes t:he forta of one ecience educat.or to 
understand tha goal of "Sciantlfic Literacy* aa preaented In the 
Nat.lQnal Soienoe Teacher 'a Aaaociatlon poi^ tlon paper, "School 
Science Education for the 70'o*; and to . ake stepa to help 
elementary teachera along the contlnuua toward thia ooal. 

The author interpreta the poaltlon paper to be calling for 
an epiateaologioal eaphaaia in acience education, aaaociatea that, 
vith the work done by Jaaea Conant in the ^40^ a and ^50^ a, and 
attributea the neglect of the exnellent reaultant prograaa like 
SCIS and SAPA, to the fact that vraditionally taught teachera 
vera in no vay prepared to underatand the episteaological shift 
demanded by these prograaa* 

Stepa taken to aeet the challenge include the creation of a 
procedure for identifying and comparing the epiatemologlcal 
quality of elementary acience programs, and the creation of 
science couraea for pre-aervice elementary teachers that help 
them understand hov scientific knowledge is created and 
eatablished — replicating crucial experimenta and recreating the 
argumenta that led to their acceptance* Ve trace the history of 
aelTCted acientlfic ideas from the pre-Chriatian era to the 
beginning of the 20th Century* Thia approach teachea teachers as 
we hope they will teach. After their course in Phyaical Soience# 
teachers are rcNiuiriKf to create their own unit of science 
instruction in their science methods course following thia modal* 

The Children's Lab is the environment where thia teaching 
takes place. The lab is set up like the Hall of Evolution in the 
British Huseum of Natural Hiatory, a carefully sequenced set of 
learning stations, each building on the ones before* The NSTA 
position paper is implemented as fully aa poasible in this lab. 

Results have exceeded all expectations* Methods claases 
have taught hundreds of atudents in the Children's Lab, and 
express aatoniahment at how quickly they learn. My elementary 
teacher candidates re^Kurt that they are understanding science and 
liking it. They are on the move, toward acientific literacy. 
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Thm Chi^Xdrmn^m Lub at Northern Stat» UniverAity in Ab^rdeen^ 
South Dakota la a acianoa concapt davelopaant laboratory darlvad 
fron thaoratioal and phiJlCMophlcal prawilaaa and i^spleaent^ 
aaplrlcally by aduoatlon aa:|ors and alaaantary taachare vorklng 
with chlldran undar ay sufwrviarlon. The goali aciantlflc 
literacy. # 

But the lab la not presently Intended fmr children. Ita 
present functions are to develop science content knowledge In ay 
physical science course for pre-servlce elemntary teachers. They 
are being taught as X hope they will teach. And the lab serves 
as a fully lapleaented model for ay science aethoda atudents 
vhose mB^or assignment Is to create a unit of science Instruction 
on a topic of their cUcKislng In preparation for student teaching. 

The theoretical and philosophical prealses fros vhlch this 
pro;ject Is derived Include Ja^a B« Conant^s argusen^ that 
science can be understood only by tracing the history of Ideas $ 
J. H. Bochenakl's work on the structure of scientific knowledge; 
John Wilson^ a on the nature of language and verification! John 
Lem on developing units of Instructlimi Mary Budd Rows on the 
dynaaloa of learning and teaching; and ay own earlier work on the 
National Science Teacher's Association FK^sitlon paper^ 'School 
Science Education for the 70's* currently In preparation to be 
relsaued. These Ideas are further discussed under 'Theoretical 
Underpinnings. ' (Appendix A> 

The concept development Idea froa alapleat beginnings to 
ultlaate lapllcatlona Is the approach used In the Hall of 
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Evolution In the British Huserum at Natural History. It provided 

much inspiration to n« to eonplete this project. 

Backoroundt 

I wae a graduate student working with Glenn Berkhelner when 
the N. S. T. A. position paper "School Science Education for the 
70'8* was drafted. Berkhelaer was one of the architects of that, 
document. The position paper was a superb statement and I 
supposed It would sake a great lapact on science education. It 
did not. It acNvns to have thrown science education Into a tizzy 
because the document did not include a concise definition of the 
expression, "Scientific Literacy* - science education's principle 
goal! Aft.er a brief flurry of articles about what "Scientific 
Literacy* night mean* It dropped from vlew» the document seeras to 
have been forgotten and even the leadership at NSTA seemed to be 
wandering around looking for new dirmstlons. Last fall Or. 
Lsmoyne Hotte " newly appointed president of the NSTA, visited 
our campus and advised that the old position paper is in process 
of being updated for reissue. What becav^ of the impetus of the 

70'!3? 

It ia my perception that the entire document is a 
description of "Scientific Literary* and how to achieve it. The 
best statements X found in the literature came from Robert 
Karplus and Herbert Thier. Karplus says that "scientific 
literacy refers to one's ability to use scientific knowledge as 
though he had obtained it himself. * Thler says it means having 
an under-standing "not only of the basic structure but also of 
the rationale, and ways of thinking that characterize modern day 
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science . . . appreciating not only the accompliahiaent but al0o 
realizing the limitations o£ acience and ecientiats* * These 
stateiaents sees completely compatible with Conant's ideas 
scientific literacy depends on acquiring an understanding ot hov 
scientific knowledge is created - not in vague generalizations 
like the old * scientific method* myth, but hy re-enacting the 
sctual experiments and folloving the arguments both for and 
against, that finally resulted in specific prepositions being 
admitted to the body of scientific knowledge* By so doing, 
Conant argues, one begins to understand the tactics and 
strategies of science - to have a feel for vhat it may and may 
not be able to knov. 

The vord ^science**, after all is derived from a Latin root 
which means ''to know* - and the great hope for the 70 's was that 
our students might begin to understand not only what we know but 
hQW . we knowi how those marvelous insights were acquired* The 
great elementary programs - ESS, SCIS, SAPA, and others were 
designed to bring this about* But those programs simply did not 
*catch on* ^ with teachers* 

Elementary teachers were in no way prepared to use them* 
Broause their teachers taught science in massive doses of 
lectured material - to be accepted by faith - because very little 
attention was given to how these claims were established. In my 
own experience, it did not pay to ask how anyone could know that 
any given bit of science was true* The study of how we know is 
that branch of philosophy known as epistemology, and 
traditionally taught individuals are in no way prepared to deal 
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vlth it« 

I sav Q necHJ to do tvo thinga: to devise a method £or 
aaaeaalng tha aplataaologlcal quality at elaimntary sdanca 
aatarlalfi« and to tuna aXeaentary taachare Into programs that ara 
aplatamoXoglcaJlly strong. 

The <lrst task bi^rame ay doctoral dissertation : *A Modal to 
Facilitate the Assessment of Epist^emologlcal Quality In 
Elementary Science Programs.^ (Hlchlgan Stata University^ 1974). 
The study vas replicated and validated by Estalle Taifoya at t.he 
University of Maryland In 1976. Her simplified model vas uscKi by 
the State of Indiana In evaluating science currlcular materials 
to recommend for adoption. Examples of the kind of 
eplatemologlcal profiles one can drav using this method are 
Includa^ In Appendix B <5CIS vs the text book program^ Concepts 
In Science). 

The second objective has been on -going ever slnca* I have 
redesigned my physical science courses Into units of work^ each 
beginning at the very earliest historical reoord of anyone ^s 
thinking on the subject* I research the toplc^ write tha 
narrative* recreate the crucial experiments* study the arguments 
and turn the Information into a science course. My physical 
science students take my science methods course the fol loving 
year. In this course they create their ovn units of Instruct^lon 
on a topic they choose following the same model. They are 
Introduced to ESS* SCIS* SAPA* OBIS^ etc. and encouraged to draw 
freely from all sources. They are required -to research 
their topic and write a narrative tracing Its hist^ory as it 
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4»volvedl« The atudc^nta make a conalderable Inveat^nent of th€»m- 
aeivea In this pro;}ec1:» completing leason plans and developing 
materiale needed to teaoh them* They can improve theae units as 
long aa they chooae. If auch a graaa-roota approach takes hold, 
va may accomplish vhat the highly funded c^xcaXlent programs-- 
thrust on taaohers from the top, could not. 
PescriptiQjr^ t 

The focua in this program is on the education of the 
elementary teacher* It la my strong conviction that you cannot 
teach vhat you do not understand^ and that vhat you do understand 
you can discover eff^tive vays to teach* 

Present scope of the program is the set of undergraduates in 
elementary education at NSU» As funds become availablet vorkshopa 
vill be offered to selected teachers in area schools — in the hope 
of developing two very strong science rearource teachers in each 
elementary school. Teachers vill be selected on the baaia of 
their ovn interest in science teaching and the recommendations o£ 
their principal. It is my l^lie^ that the most effective vay to 
improve the quality of instruction i& by the positive influence 
of individual teachers who en;foy vhat they are doing and vhoae 
students make strong gains in their classes* If it vorka in this 
area^ it can be replicated elsevhere. Thus, the gosls of the 
program are the NSTA goal of a scientifically literate U* S, 
population. 

The staffing requirements include a person vith a strong 
background in several sciences who can direct the research in the 
history of various mcXena^ topics* And preferably some graduate 
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level teachers vho are open to the approach and willing to work 
at discovering ways to convey Ideas to children. One key to this 
approach is the creation of crqulpnent that conveys a powerful 
sensory nessage. For example. In teaching the concept of 
buoyancy. I use cubic declseter blocks of sany different types of 
wood. We observe how they feel and how they float r how such water 
they displace and how such they weigh. When ve explore density 
formally we continue to use cubic declseter blocks- -only this 
time, of alunlnum^ lead* and copper. The sensory experience 
makes an impact. One 4th grader spent half an hour on the 
telephone explaining density to his father in California. The 
idea is clearly understood and the language including the 
mathesatical ratio that describes it* becone working tools for 
these students. We develop the aetric system after students have 
worked with these cubes until they are comfortably familiar 

ObJCKStS. 

Creating teaching materials demands access to tools* shops* 
and industrial arts expertise; an industrial arts person is 
indispensable to this pro^Ject. Some one must maintain the lab* 
keeping it available at user's convenience* for the best way to 
"fix" these ideas is to teach them to someone else. The lab 
finally needs continuous evaluation and promotion. 
Costa t 

Funding to date for the Children's Lab has been llmxted to a 
SISOO Grant from First Bank of Sioux Falls that got It launched 
originally as a project for area Girl Scouts* followed by a 
Title III Grant through NSC in the amount of 923,000. This money 
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r&pXac&d old ^ulpiroent and provided some released t:lm& for th& 
director to create nev units on Air and Air Pressure, and 
Electricity and Magnet isa,. As effective teaching techniques ere 
developed and proved* additional funding and space vill be needed 
to provide vork stations for classroom groups. 

Development and description of the buoyancy unit are as 
follows: 

A DESCRZPTIQH OF THE LAB 
In the actual design of the lab^ I decided to follow the 
recommendations of John Lee, author of Teaching Social Studisa 
in the Elementary School. In his chapter on unit development^ he 
recommends that you first gather a file of all the good stuff you 
can find on the topic of interestf study it and then write all 
you know on the 8ub:}ect yourself # in the clearest language and 
best organization you can muster. This he calls the ^'concept 
clarification* - the teacher's best way of asking sure the ideas 
sre all clear and Interrelationships well understood in his own 
head» After necessary corrections, additions, deletions, snd 
several rewrites, the conce::it clarification becomes the guide for 
selecting the appropriate content to be taught to a given group 
of students* 

I next highlighted all the words that I thought my students 
would not have Bieanings for and set about to discover activities 
that would provide them* Some equipment had to be designed and 
gathered; some items had to be specially made.. A trial learning 
sequence was decided upon and my first experiment was underway 
with my undergraduate science methods students. They were 
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enthuelaetlc» gave valuable feedback and contributed much to 
leaking the learning etatlonB both more attractive and ir^ore 
ifunctlonal. The sequence of learning etatlone underwent aeveral 
revlelone* We Invited alxth gradere from a local school end my 
students vere amazed at hov Interested they vere and how quickly 
they caught on^ Then» we were ready for the Girl Scouts. Sioux 
Falls College provided an Ideal room for the lab, and the Girl 
Scouts came* over the next two semesters, more than 300 strong. 
The lab stations have continued to evolve and grow, but the basic 
sequence of ideas has remained pretty much the same ever since. 
We have eKperimented with times, group sizes, and teacher -pupil 
ratios* 

Of the various arrangements we have tried p the beat by far 
was when children came to the lab for two-hour sessions over five 
consecutive Saturdays. Each of my students was assigned to micro- 
teach two or three children from grades four, five, and six. 

Ideas developed at the lab stations are as follows: 
STATIOH 1. The sftme oblect can both float and sink . We do this 
with vinegar and soda and raisins# each child observing his own 
system, formulating complete statements to describe what he 
observes and what he thinks is going on. Host children come to 
the lab supposing that an object either floats or sinks, as xheir 
first grade science lesson teaches* Station 1 '^offends their 
intuition*^ and generates lota of interest. It la one the students 
love to repeat at home. 

ST^TIQH 2 > As a floating object goes down into the water, the 
water Is^vel rises and as the object is lifted out of the water. 
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the water level falls. Children quickly relate thi& ob&ervetion 
to the behavior at the see-sav and the balance. One seaslon 
exploring thia atation enables them to discover that a floating 
objiect is like a balanced 89e-sav» the object on one side and its 
displaced vater on the other. They formulate an accurate 
statement of this relationship* 

^TAT^PW 3 « Station 3 we invite the students to empirically 
verify the relationship formulated above. Five cubic decimeter 
wooden blocks of varying densities are compared and set afloat in 
separate overflow tanks. The displaced vater is caught in liter 
boxes and compared with the weight of the displacing block. By 
the completion of this experience, the students have a firm grasp 
of buoyancy: an object that floats will displace its own weight 
of water. 

ST^TIPW 4 . At this station, we take up a new situation. Instead 

of working with cubic decimeters of woacl, we use cubic decimeters 

of aluminum, and discover what happens when objects sink. The 

aluminum cubes are weighed in both air and water and students 

discover that each cube seems to have lost 1 kilogram of weight. 

They formulate accurate statements likes 

a) **If an object sinks, it will displace its volume of 
of water, but not its weight . • 

b> *The aluminum cube displaced 1 cubic decimeter of water. ^ 

c) *The displaced water is pushing the cube out with a 
force of 1 kilogram. ^ 

d) 1 cubic decimeter of water weighs 1 kilogram. 

e) ^If a cubic decimeter of something weighs more than 1 
kilogram, it will sink; if less than 1 kilogram, it will 
float. * 
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<At thlB point* w introduce the term «denaity* an some history 
ot the netric syateia. > 

STATIOM At Station 5 etudents handle cubic decimeters of 
fitluninum, copper and lead* We ask theoi to come up vith a mental 
model to ^explain^ hov three chunks ot matter of the same size 
and shape can have different weights. We develop the notion of 
population density by standing in squares of various sizes on the 
floor. They are usually familiar with the expressions 'dense 
fog** and 'dense forest*. They Invariably hegin to think in terms 
of 'packing' to explain the density of the oubes. 

A favorite activity for many students is to determine the 
density of various types of vood blocks using a metric rulert 
triple beam balance and calculator* They enter their calculations 
and compare them to those of students vho have done this before. 
STATIOM 6« > At this station students are given balls of plasticene 
and challenged to make them float. They discover that even though 
plasticene is denser than water, by changing its shape it can be 
made buoyant. Sheets of lead are treated in the same way*. 
Students discover that the principles of buoyancy can be 
maximized by the technology of shaping. 

Students compete at this ststion to see who can design and 
build the paper boat that will carry the greatest pay load of 
marbles. 

STATIPN 7. At this station students explore the effects of 
floating objects in liquids of different density. They can 
predict from their knowledge of density, what will float in 
whatf and what to expect of boats as they move from salt to 
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freeh water* 

STATION e » At Station 8 children create and explore their own 
Cartesian dlvere* By carei^ul observation they can eeeentially 
describe Pascal's Lew, and interpret the diner's behavior in 
terme of the basic principle of buoyancy. 

STAT I OH 9> At Station 9 we exareine buoyancy in marine animals 
and plants* 

STATIOM tO ^ This station examines the application of buoyancy 
to objects that float in air. 

In addition to the ten basic stations, social studies 
implications of this principle way be explored in terms of where 
civilizations have developed^ how goods are aoved^ and how 
control of waterways may become a matter of international 
conflict. Another station features songs and stories of ivers 
and seas, with filmstrips, cassettes and books. A station on 
specific gravity and use of the hydrometer to determine 
concentration of ethylene glycol has been set up, but seldom 
used with children. The ideas are beyond most children we have 
worked with. 

The primary emphasis in every unit of this lab is to help 
students develop meaningful ideas, to see how they originated, 
and to see how they are interrelated and applied. Unrelated bits 
and pieces is, by definition, confusion. The mare Integrated our 
learning becomes, the more powerful it is for whatever uses we 
choose to make of it. 

Unite of Air and Electricity and Magnetism are developed in 
the same way. They are far more complex. 
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ReawXte ; External Evaluation 

The following report vas made by our External Evaluator# Or* 

Hichael Dincereont Associate Vice Chancellor for Research^ and 

Depn of the Graduate School. University of Hississiopi, October^ 

1988. The Children's Lab is described as • Activity II« aitaong 

ot.her Title III projects at Northern State University* 

Acti itv II - ImprQvesent of Acadewiic Programs— ^Elementary 
Science and Learning Laboratory . 

The major obj^tive for this activity for 1987-88 was to 

improve the understanding of scientific principles by 

incorporating element.ary science laboratory experiences into the 

curriculum. The materials have been ordered and assembled and 

are housed in a very attractive facility in the science building 

at Northern. The curriculum on buoyancy and air for the 

elementary teachers has been completed and is available for 

inspection. The evaluator had a chance to proceed through the 

step-vise process on the buoyancy curriculum to gain an 

appreciation for its philosophy and its actual experimentation 

from the simplest to most complex issues. This is a particularly 

attractive laboratory and learning center because it teaches and 

challenges its students to understand the basic concepts of a 

scientific principle vhile adding a bit at each stage to allow 

the student to build on earlier learning and to advance to more 

complex stages in a short period of time. The strength of this 

approach is apparent in that the student learns to think about 

the problem and to solve it in a vay in vhic;. the concepts are 

incorporated into that student's thinking process rather than to 

have the student memorisie a formula or a behavior vhich lat^r 
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must be applied. 

The evaluator had a significant amount a£ time to talk vlth 
he coordinator of thla activity and was iapreesed with his 
approach philosophically, with his energy and enthusiaam about 
this effort and with hie ability to carry forward with this 
activity. This Is a very important activity for the institution 
and one which should be disseminated aore broadly to other 
schools for consideration* 

This activity is on schedule and under excellent guidance. 

f esults : Internal Evaluatipn 

Evaluations of many kinds have been an ongoing part of the 
lab's growth and development since its earliest beginnings* Since 
the aims of the. inquiry approach to science teaching is to help 
kids do science pretty much as scientists do it, and since as 
Bochenski has put it, the ultimate aim of every science is to 
establish true statements^ < Bochenski, p. 7> our first criterion 
of evaluation has been whether, in fact, elementary children can 
formulate significant true statements about the natural phenomena 
encountered in the lab. Our success here has been phenomenal. 
Because the ability of a group of youngsters to make accurate 
observations is phenomenal* When they understand that our primary 
objective is to describe^ not to explain* they are remarkably 
capable of describing^ in their own words for the moat part, what 
they observe, ^rid of associating the phenomena with similar ones 
from their own experiences by way of analogy* They further 
hypothesize about correlations and respond with very good ideas 
to the question, "What would convince you that this is true?** 
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Hary Budd Rove 'a Ideasp her eense at what conatltutee success in 
education^ and the hard data she gathered to show hov It can be 
achieved^ are the models ve followed tor evaluation. Success is 
measured in terms of hov much content relevant speech is 
generated among the students as they interact vith materials* 
And» one remarkably simple technique for ajzhieving it is to 
simply give kids time to formulate thoughtful ansvers to 
appropriate questions^ 

The evidence of success in any educational endeavor is the 
extent to which the teacher can engage the child's mind^ and 
emotions and senses, positively in the context of the chosen 
subject matter. By this criterion^ the Children ""s Lab is highly 
successful with children. Initially^ we paired two elementary 
teacher majors with each group of ten children. They wrote the 
students' statements as they were formula cedt and we collected a 
mass of data. It was a constant battle to get complete state- 
ments* Some children seem never to have been required to 
formulate c ete statements before. But, we do succeed. Here 
are some exami. 4es of their efforts: 

*^The raisin needs a lot of air bubbles to come up. Less 
bubbles C i or 2) to go down. * 

**The boat will sink if it is heavier than the displaced water. * 

"An object that floats weighs as much as the water it 
displaces* ^ 

"When an object sinks* it will lose the weight of its volume 
of water. " 

"Each material has its own ratio of weight to volume. " 
"Dense means a lot of particles in a small space. " 
"An object that is less dense than water will float* " 
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"Clay haa to be In a certain shape for it to float* * 

"By changing the ehape o£ the lead boat we displace more water. 

"Salt water is aore dense than fresh water* * 

"When you squeeze air together* the air gets more dense. " 

"When Pinocchlo floats, he displaces his weight. When he sinks^ 
he displaces his voluae# due to air compression." (I used a 
Pinoochio figurine in a Cartesian Diver) 

Children as young as six and seven years old (1st graders) 
have done parts of the lab. All groups who have worked in the 
lab have demonstrated their ability to orally formulate true 
statements* 1* * to create fundamental pieces of scientific 
knowledge. When we were convinced of this, we began to 
experiment with having students attempt to write their own 
statements. I personally began to realize what a terrible hurdle 
writing Is for children and why teachers finally settle for short 
answer tests. But* when children are given less than one second 
to formulate a verbal responsef and are restricted to circling 
the correct response on written tests* they have almost no 
opportunity to demonstrate what they are Intellectually capable 
of doing. The fun is gone out of education* kids tune out* and 
teachers burn out. But* it need not be this way. 

Convinced that children can grasp ideas and formulate them 
into meaningful statements* we directed our efforts at getting^ 
In addition* some written responses. We designed a comprehensive 
test that included all the science experiences covered in the 
lab. We first gave this as a pre-te vt and a post-^test to about 
250 Girl Scouts* ages 8-11 from Sioux Falls and surrounding 
towns. The Scouts received an average of 90 minutes hands-on 
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experience and Inetructlon In the lab. 

The early part of the 25-queBtion test deals with 
observations students might have made from cosmon experiences* 
The mid-portion deals vith the principlea developed in the lab, 
and the latter portion with application of those principles* 
Post -test scores shoved a 20 perce«:t average gain# heavily in 
the mid-portion of the test. We were pleased with their gain. 
We were also avare that many students missed questions because 
the wording was difficult# not because they did not understand 
the principles involved. 

We next created a set of post -tests for each station end 
tested these in the spring of 1964 with about 50 sixth graders 
from Horace Hann Elementary School in Sioux Falls. These students 
came for a series of five visits, one each week at 45 minutes per 
visit. The pre-test was dropped and station tests given at the 
completion of each station. Pairs of preaervice elementary 
teachers were assigned to teach a group of ten students. The 
post-test scores mean was 66 percent. Thus# students demonstrated 
on a short answer test that they grasped about two -thirds of the 
ideas we presented. The range of scores was quite narrow 
suggesting that the effect of differences in teacher ability on 
what students learned is minimised. There were significant 
differences in the classroom performance of the teachers in this 
group) . 

One month after their last visit to the labt I showed 
a set of slides of the lab stations to these same students and 
asked them to write what they learned at each st^ation. Their 
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ananera vere revealing e^nd encouraging. Lack ojf skill in writing 

and spelling is appallingly evident and there were many non- 

aentenceSf but every learning experience registered, some vlth 

only one or a fevt others vith aany* Here are some statenienta 

from student papers on this follow-up test: 

* Almost anything can be made to float « Baking soda and vinegar 
mixed together cause a reaction. The reaction is put to use by 
making the raisins f loat« * 

*The pan di&places jUst the same amount of water as its weight 
and that^s how it floats. 

"^Vhen the block is placed in the water its displaced water goes 
out into the container* You pour water in another container to 
equal the weight of the cube* You compare the two containers 
and it tells you that anything that's put in water will 
displace its own weight. * 

*The jug looks like it would be really light, but its really 
heavy because it holds a lot of water* 

•Water is very heavy. * 

"•I learned about buoyant force* When you try to push something 
in the water, the buoyant force pushes back« ^ 

"Only bowl shaped things float* * 

•The heavier the block the more water it will displace* The 
block displaces its own amount of water* • 

•The amount of space taken up equals the amount of displaced 
water* • 

•The (aluminums block equals the amount of water in volume* • 

•The block weighs less under water* When we weigh on scale it 
weighs 2. 9* When weighed in water it weighs 1 kilogram less* • 

•The cube weighs less because the buoyant force pushes it up* • 

•The cube went under water completely* The displao^d water in 
the box, its volume is the same* • 

•Sorry ^ didn't see this* But did they measure the length of 
the cube?* 

•b X h X w « volume* 
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•They put the aame amount of vater in the (plastic box) as the 
Cbraaa3 weight veighed* * 

*^Each cubic cm veighs a certain amount. * 

**When molecules of an item are epread out the item weigha le&s« 
We talked about dense or densely populated areas. * 

you densed the ball of clay together it wouldn't floaty but 
if it was like a bovl it would float* * 

**We shaped the lead like a boat and it floated. ^ 

•Almost anything can float in mercury. 

•We sell up the air auple and puppte will sink. Puppte 
nend air to float. " 

The last statement is the poorest of English, but represents 

good understanding of the Cartesian Diver. The Children's Lab 

works very well with children. 

This group> of sixth graders was taught by undergraduate 

students in my science methods course. Each pair of undergrade 

was assigned to work with a graduate student. All the graduate 

students are certified teachers with experience. The graduate 

students observed that we expect a lot from these preservice 

elementary teachers. It is their first teaching experience. The 

material is new to them. The content is moderately difficult 

science. The methodology is *far out* and they have no idea 

what the children are like until they arrive--quite excitedly 

--for their first lesson. 

Some consequences weres 

All the teachers were nervous^ some were weak on their own 

understanding. •Lights** were still going on for some^ 
three fourths of the way through the teaching experience*. • 
All needed more work with questioning techniques. Some 

inaccurate statements slipped by^ both from children and 

from teachers* 

Some confusing test questions were discovered. 
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At least one teanher discovered that ahe did not vant t.o 
continue in elementary education. 

Most teachers expreseed their ovn desire to be nuch b^i^tter 
prepared to teach. 

Some concern vas expressed about children vho vere placed vith 

veak f r uncommitted student teachers. But» all agreed it is an 

excellent learning experience for all preaervice teachers and 

especially for those children vhose teachers vere vell-*prepared. 

Lab teaching is done outside of class time and even 
conscientious students sometimes find it difficult to schedule 
sufficient practice before teaching. Some at the outset are 
unhappy with this teaching requirement^ but student evaluations 
of the lab teaching learning experience are over-whelmingly 
positive. Andf ve have documented cases vhere children got 
ideas straight even vhen the teacher didn^t understand* There 
is a much greater chance for this to happen in a hands --on 
situation than with a textbook in the classroom* 

Final exam essay-* type questions on the concept of buoyancy 

shov that my college students in the spring of 1985 finally 

grasped the cluster of ideas very veil. They both drev accurate 

diagrams and also vrote clear explanations of vhst happens in the 

lab. They vere^ in additionf asked to keep a Journal and vrlte an 

evaluation of their experience of teaching children in the lab. 

Some representative comments from journals follovt 

*When I don't say very much, they tslk about what they see» 
and they toss different ideas around and tell each other if 
they agree or disagree. " Tammy 

''My problem was letting kids discover vhy raisins rose and 
fell instead of telling them» • - Jan 
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"'We realized ^& ne^eded inore practice In the Xab and more 
preparation. • ^ Paw 

*I eav the fuot e^ccitement and relevancy of hands-on science* 
I gained respect for the students. I also gained respect for 
the teaching profession. * - Brenda 

"Its roalXy interesting to see the change in Chelsea. While 
her spelling and writing are not good, she can tell us vhat 
is happening. " ~ Deb 

"Z was amazed at how fast Chris and Chad figured things out. 
But Chris was frustrated because he had trouble writing things 
dow.i on paper. • - Dawn 

■The »ost interesting thing I learned is that these kids catch 
on really fast. Children are very descriptive. And X talk too 
much. " Tina 

"I made the mistake of including volune in a station that was 
only supposed to deal with weight. My mistake caused nuch 
confusion in all the students. • - Willie 

"Heather and Josh sEwmed to catch on fast. " - Karen 

"Good smart kids!" - Tracy 

"They caught on quickly. It was hard for them to make complete 
statements, but once they did, they were good statements. " 

"I feel the kids are learning in spite of our goof -ups. " -Emily 

"Nathan does not say much, but seems to have a better under- 
standing than Karissa who wants to do all the talking. "-Emily 

Comments froa their evaluations of the lab follow: 

"I will admit I was a skeptic about how much these "young-une" 
could actually learn about displacement. They continued to 
surprise we with what they could comprehend. The biggest thing 
I learned was that I can't put a limit on what these students 
can learn. They excelled far above the level of my 
expectations. " - Pam 

"I learned a lot through these lab experiences. Host important s 
preparation beforehand is absolutely necessary. As I taught the 
kids I understood the concepts better myself. I learned that 
you can't teach unless you know what you're teaching. " -Emily 

•It was fantastic to see the face of a child light up when they 
understood what was happening. " - Cindy 

"I needed to actually see the children teach themselves through 
the lab stations and through their own interest and excitement. 
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*A teacher vho let@ the atudents make their own atatementa 
about what 'a happening enables the child to knov If he unc'er- 
stands and also shows the teacher that he has grasped the 
concepts. * - Oar la 

•The lab gets the^ klds^ creativity flowing} This has to be one 
of the most effective vcye of teaching* « - Tracy 

•You know the klda have successfully grasped the concept when 
you hear It cosing back to you In their ovn explanation. * 

*Zt sade me feel good vhen the kids felt free enough to say, 
*Then I guess X really don't understand* 

''Underestimating kids is a big mistake. ^ - Lisa 

'When the children vere learning and doing they were not 
behavior problems* * * Donna 

*The buoyancy lab was one ox the best experiences I have had^ 
not only for teaching science^ but other subjects as veil. *" 
Chris 

''They all worked until they had a successful outcome* I learned 
to look at each station differently after hearing their state^ 
ments. I learned more about buoyancy from listening to the 
girls and their comments* X feel good about what we 
accomplished. ' - Judy 

Other groups have used the lab* Ve have run a seriea^ of summer 

workshops for teachers that are brooming Increasingly well 

attended. Workshop participants have been especially 

appreciative of what they learn. Some comments are as follows: 

"X was made more aware of the power of language. " 

*The explanation of why thinys ^^ppened was often a blank until 
X realized X could try to explain it just by use of my own 
knowledge. " 

'^Host importantlyt X learned to think. * 

"There was no wasted time. That in Itself was a good 
experience. 

"This has been the best workshop for information I have had. 

"X learned that things that seemed so hard can be made easy** 
like Boyle's Law. " 

"This class even helped us put ideas into succinct language- 
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Xeinguage th^t mmXd what we mi^antp * 

Xm the stoat basic teaching I h«^va ever seen-^nothlng la 
aeeumed. * 

^Everything ve did * » * I can uae or modify to use in my 
chemistry and earth science cla£^seB« * 

can never remember learning ao much about science In such 
a abort time. ^ 

*X £eel that I have gathered aome Ides^s X can uae in Social 
Studies. ^ 

Finally^ many groups have come for a •walk through* of the lab* 
Such visits are of limited value. Inquiry science only *worka* 
for people who are willing to lnt.eract with the phenoai^na of 
nature^ and then express what they experienced in statements. 
This ia^ indeed^ what science is about. 



26 



23 



CQKCLUSXONS AND RECOMHENDATIONS 

This pro^rM haa tommn r«»Mrkably ^ffootlve. It la derived 
fron a very etrcms philosophical and thaoratlcal base and It has 
bean flae-tuned vlth teaahara working vlth children. 

T^ie Children* a Leb la a natural aettlng for further reaeerch 
on learning. It haa yet to be opened to hearing and vlalon 
lapalred children^ children with reading probleaa^ and minority/ 
culturally different children* 

Z need to conduct a survey of teachers vho hav^^ been trained 
In the lab to see If and to vhat degree their experience has 
Influenced their ovn classrooa practice* 

Teachers say need help In adapting vork stations to learning 
centers* Waya to find soace In elesentary classrooss and to 
replicate gao^ teaching saterlals must also be explored^ 

The sost critical needs for the project's continued 
development at Morthern State University sre relessed tlae for 
the dlrectcir^ and graduate students Interested In pursuing the 
developMnt and Ispleaentatlon of nev unlta. An eapeclally 
urgent need exists for a unit In Anatosy/Physlology snd Health. 
And the lab requires sore spsce. It nov has one clamroos for 
work stations plus a prep/atorage room. This provides enough 
apace to set up ten vork stations as learning centers, but only 
3*S students can vork at a station at one time. 

Funding for the program has been adequate to make It 
operational. The process Is by Its very nature, aloe. There are 
no guarantee In either reaearch or In development and testing of 
materials. For this and other rmmmtynm. It Is beat kept a "graas 
roota^ operation. Hovever, a network of Interested ''grass roots 
type** aolence educators would gsrestly move this effort along. 
What haa been done to date could easily torn replicated at any 
Institution thst would provide space and equipment and leadership 
for It. 

The Children's Lab at Northern State University Is open for 
dissemination of information^ for research^ and for input. 

Dr. Paul S. Xnecht 

Director of the Children's Lab 

P.O. Box 685 at 

Northern State University 

Aberdeen^ SD 57401 
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THEORETICAL UNDERPINNINGS - CQNANT 

The theoretical underpinnings of the lab go back to my own 
undergraduate education when I was a chemistry major at the 
University of Louisville, Kentucky, much more interested in how 
thlnqs can be known that In what people claim to know, fly major 
profes£:or put me m touch with Dr. James B, Conant and his 
writinge, opening a whole new wox^id to me. Conant. organic 
chemist, former president of Harvard University. Head of the 
Atomic Energy Ccmmiselon<, Airbassador to Germany (and how many 
other :2uperlative distinctions I cannot tell), proposed quite 
simply that: 

A. Scientists approach their work from a certain "point of 
view- * 

B. That this '♦point of view* exisits quite apart from the 
knowledge that they generate (and cannot be discovered 
through that knowledge even by mastering great quantities 
of it), 

C. That the best way to acquire this point of view is to 
reconstruct the precise history of how specific bits of 
knowledge were created. 

And finally, that it is the very simplicity of early formal-^ 
i2;atiQns of knowledge that enables us to grasp the scientific 
point of view which remains unchanging over time, though now 
undiscoverable in the extreme complexity of the knowledge 
currently being created* 

Now^ boats are as old as human civili:iation and the basic 

principles of buoyancy were formaliisied by Archimedes in the 3rd 

Century before the Christian era. The most fundamental ideas in 

tne physical sciences-- ^weight, volume, density, displacement, 

shape and measurement ^ --are discovered in exploring why things 

float and £;ink. So, "buoyancy* was a good choice from Conant 's 

p*^rsp%rc t ive for helping students to begin to ai^:isp the 
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scientist's point of view. 

Conant's objective in developing this approach was not to 
create scientists, but to provide for the general education of 
layman for active participation in a democratic socxety. The 
Harvard Ca£:e Historic?-^ in^ Exeer iTnentjyL_Ssi^ a t wo vol ume 

work, is available now as an expression of his influence and hi 
deef: conviction cf the validity of this approach. 

I know of no fine* starting place for anyone interested in 
thii=: kind of science education. The current popular work of 
Thomas 3. Kuhn, The Structure of Scientific Revolutions, is a 
further elaboration and outgrowth of Conant's work. Inherent in 
this approach is the not:f on that we only grasp what is truly 
important about scX^nc& when we see the basis on which belief 
systems have developed and changed^ i.e., when we begin to 
understand how scientific statements are verified-, 
BQCHENSKI 

A second strong influence in the design of the Children's 
Lab is the work of philosopher and logician, J. M. Bochenski, 
entitled. The Met hods of Contemporary Thought , Bochenski looks 
at science froBi the perspective of statements and their 
verification, and while warning of the enormous problems in thii 
field, he proceeds to greatly clarify the nature of scientific 
knowledge by describing the kinds of statements is contains, 
when classified on the basis of how they may be verified. In so 
doing, Bochenski relates sensory experience, meaning, an 
verification and clears up seme problems that have defied 
philo£;aphers for centuries. He sees language as the place to 
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start because inhis words^ •'Every science strives to establish 
true statements: that is the ultimate aim. He further affirms 
that •the truth of a sentence must be either apprehended 
directly^ ti^e.* by sensory experlencel or inferred: there is 
not, and furthermore there cannot be^ any ether way. So, there 
are only two methods of verification for statements^ which give 
rise to exactly four kinds of istaterrentiS, and the four kinds of 
statements constitute the entire body of scientific knowledge. 
He names and describes them as follows: 

1. PROTOCOL STATEtlENTS , These statements describing what 
someone has ** apprehended directly* by immediate sensory 
experience. They refer to the content of that single experience 
exclusively, and verification of such statementa is the 
experience itself to which this statement uniquely refers. Such 
verification says Bochenski, "is incorrigible. it is impossible 
to be mistaken about it except in a verbal sense. * Carefully 
kept records of such experiences, including circumstances, date 
and time, place and observer's name, etc., constitute the hard 
evidence which from an epistemological point of view is the 
foundation of the systeir. Theoretical elements play a secondary 
role. Protocol statements ultimately determine the admiseabi li ty 
of other elements to the syster. Anything inconsistent with 
protocol statements must be set aside . . . Anything which sserves 

to e::plain those statefrents is admitted. " In more familiar words^ 
observation descx'xbed in precise language are the things about 
which we can feel quite certain in the body of scientific 
knowledge. 



31 



2. GENERAL STATEMENTS Des^ipxte all their certainty, protocol 

statements are of little consequence unless they can be 
generalized* The fact that something was observed one tiroe^ 

however remarkable the event, is only cf curious interest* We 
vant to be able to say, wheneve r such and such conditions prevail 
so and so can be expected to result* Yet^ in the very act of 
formulating the gener alisat ion^ we move from the kind of state- 
ment that, can be krjown with certainty to a new kind of statement 
that must be forever uncertain* A.^ 1 general ir at ions go beyond the 
the evidence^ describing not only what is, but what has been^ and 
what shall be. And as stated by Hospers, ''It is logically 
impossible to know the truth if any statement involving the 
f uture. . • tthus] we cannot know that any law of science is true.* 
<Hosper8# p 169). Qr^ in the words of Glen Berkheimer, **empirical 
knowledge by its very nature is inconclusive because it is 
impossible to observe all possible cases."* < Ber^kheimer ^ p 41). 
Scientific laws are# in the final analysis^ statements of 
empirical probability created by a thought application process 
known as "induction* of which Bochenski says: 

"The great work achieved by induction appears to the 
logician like the successful deciphering of a text in code 
to which we still lack the key. That some things have been 
decoded seems certain: it is just that we do not know how 
thie has happened^ * (Bochenski^ p. 114) 

Finally, with respect to both the protocol statement and the 

general statement, the conditions under which the event took 

place must be very precisely described, for the slightest 

difference in a single variable can drastically alter the 

results* Protocol statementis and general statements differ 

significantly in just one way* One refers to a single event, the 
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truth o± which can be virtually certain; the other refers to ail 

possible ©vents of that kind and we can never be aure it is true. 

But, protocol and general statements are alike in other respects. 

Both describe 1 nteract ions; amoncr nameable physical objects and 

both describe phenoirena that cau he observed by th<- five isenses. 

Hence both are expressed in the same kind of lanquage vocabulary. 

3. THmRETX(LAL__£TAXEm^^ The third type of statement Bochenski 

de-crxbes is radically different from the first two in that it is 

concerned exclusively with the mental models we create to explain 

the uniformity of the physical world. These are called 
•theoretic" statements and they name and describe things whose 

existence can only be inferred, that are not physical objects w© 

can perceive by our senses. Atoms, electrons, gravity and genes 

are examples of such "things*. We cannot know anything about such 

things by direct sensory experience. All that we can know about 

them is to be learned by examining the history of how they came 

to te, and what protocol statements and what scientific laws they 

were invented to explain, and whether or not they do in fact 

explain them, i.e., simplify and integrate the great masces of 

diverse information contained in protocol and general statements. 

If they. In addition, help us to make non-t. ivial predictions 

that can be observed true back to the sensory level, then 

theoretical statements become valuable guides to continued 

scientific exploration. They give us helpful ways of thinking 

about the world and it is not terribly important to know if they 

^re true. That is fortunate, for there is no way to find out. 

In sumrnary then, the structure of scientific knowledge 
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rests on the solid loundation cf pi otocol statements. The nir>:t 
level above protocol statements is composed of generalizations 
knovn as scientific laws. And the top level consists of 
theoretic statrments-^ -^descr Ipt ione of our ways of trying to 
organize and Hlmpllfy the vast amount of otherwise unrelated 
inf orrrat ion about the world# by creat ina ment al models in the 
process known to philo:=iOphy reduct ionii^im. 

4. ANALYTI C 5TATE J1 EHTS . There is yet a fourth kind of statement 

that concludes the list. These ^itaterrer ts give us no information 

about the physical worlds but only about how we have agreed to 

u;re words. They must be included however, simply because we use 

words to formalise scientific knowledge. These statements are 

called •'analytic" statements and their distinguishing 

characteristic is simply that the subject and the predicate 

fnean the same thing* Thus^ they can te verified simply by using 

the dictionary^ and they are called ''analytic'* statements bee. use 

thexr verification consists exclusively in an analysis of the 

words they contain. No examxnation of nature or logic is 

required. An example of such a statement might be^ "Invertebrates 

do not have backbones. Analytic statements are extremely 

deceptive at times. Much of what pass^es for scientific knowledge 

is in reality knowledge about the ways in which we have agreed 

to use language. 

What, then are the implications of Bochenski ' s work for 

;rcience education? Firi^t off, science teachers need to understand 

what kindii of statements we can know with certainty, what kinds 
of statements we accept on the basis of probability^ and what 

kinds ol statements we accept because they crqanize and simplify 
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and give direction to exploring an otherwise overwhelming amount 
of information. If the warring factions in the textbook 
controversy could understand this much, a great deal of energy 
and resources could be directed into more profitable activity. 
Secondly^ when children have hands-on access to the phenomena of 
nature, they are astonishingly capable of making accurate 
protocol statements. In so doing, they are creating the very 
foundation of scientific knowledge. Further, they are capable of 
making general statements and of designing experimental 
procedures for verifying them. They identify the variables^ 
recognize the need to control them« carry out investigations^ and 
interpret outcomes. And, in all of this» a great deal of language 
is learned. It is my own belief that theoretic statements are 
inappropriate until the force of the evidence and reasoning that 
led to their formulation can be felt and understood by the 
student. Most theoretical knowledge in science belongs in 
secondary schools and beyond. Elementary school is; the place for 
children to begin to explore and describe phenomena, and to build 
the foundations of scientific knowledge. 
WILSON 

A third major influence behind the Children's Lab is the 
work of John Wilson, extending Bochenski's work on language and 
ver if icatlcn. His little bock. Language and the Pursu it of T ruth 
lay£; bare some of the most profound, yet obvious, truths about 
the na^ are of language, beginning with the nature of words, and 
why we are able to use words to comirunicate. The great motivation 
behind thie book is a conviction that all the problems facing 
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humankind muBt either be undertaken with wo rds of underatandinq , 

or by compulsion and violence. And the discovery of truth is 

especially dependent on our understanding the notions of 
•meaning* and "vcr if ication" • Here is Wilson's basic premise. 

Word© are IJLjce all Qt^her_ arAlJ^^^ a gesture^ like 

nodding cne 's head to indicate aqrement, or ehrugqing the 

shoulders to convey indifference. The dote and dashes of Morse 

Codep the flag positions of semaphore, the flashing red light at 

the intersection^ the ringing of a bell* or the column of white 

or black smoke eagerly awaited by the crowds at St. Peter's 

Square---all of these artificial signs^ like words* have no 

meanings in and of themst^lves. They are effective for 

communication only because people have agreed to use them in 

certain ways > Thus, it is our agreement about its use, not the 

sign itself, that enables us to communicate by signs^ It is our 

agreement: about its use, and not the word itself, that enables 

us to communicate with words, I say again, words do not have 

meanings . Words cannot transfer meanings from the teacher to the 

students or from the textbook to the student. Nor can pictures, 

and while a picture may well be worth a thousand words, even 

•pictures can only serve to remind us cf experiences we have 
had. (Walton, 1973, p* 300) 

If I have a meaning and you have a meaning and we have 

chosen a word to designate that meaning, then that word is 

useful to us in communicat ion* But word;^ can only help us 

communicate about meanings we already ehare. If either of us 

la cks the meaning, the word can do nothing to put the meaning 

in our mind. Yet, we have assumed that students can get meanings 
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out at vords, and have turned our whcie educational system into 
what is often nothinq mci e than einyty verbaqe. I call it 
•* wordgebra* - -you know^ what is another vord for Most sadly 

of all^ kno winQ. another word for it seems to be our sinqle-^niost 
tru£.ted measure of whether a student has learned or has not 
learned. What we most desperately need are methods of £:hawinQ 
teachers hew to find and create meanings for students- -and for 
themselves. Meanings come only from £;ensQry experiences and our 
reflections; on them. It is these experiences and reflections that 
create the need for language and language must be developed in 
conjunction with them, if we are» in fact* to be able to talk 
about what we know^ and to know what we are talking about* 

The jot of education must go beyond the busiiiess of 
charging our children with empty verbalisms. The Children's Lab 
xs an attempt tc create meanings through sensory experiences to 
which functional language can then be attached* Only meaningful 
language is u^^^eful in practical problem solving. 

But, Wilson offers one more phenomenal insight to learning: 
he provides a practical solution to the problem of verification. 
The traditional philosophical stance has demanded that three 
conditions be met. We can claim to know if and only if <a) what 
we claim to know ie^ in fact, true; <b) it is based on good 
evidence and (c) it is believed by the one who claims to know it. 
BocKenski's insight was just that the four types of scientific 
statements each has its own unique method of verification, and 
the degree of confidence we can put in each differs. Wiliion'^: 
insxght was that verification is ultimately a per^ional matter. 
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and the three practical condxtioas that must be met are as 

folIowB. The first condition x^s that we discover the intended 

meaning; I.e. ^ what the statc^ment maker is tryinq to accomplish. 

If he is makinq a knowledge claim we can proceed. Secondly, we 

must individually decide and then agree beiorehand on what we 

would accept as ve* it xcation. And finally, we must cone:ider the 

evidence and make a deci^siun. Wilson is very strong on thic 

poirit. By way of further ciar ii icat ion he etatee:: 

"We can logically compel someone that what passes the 
verification teete for being red is actually red. But, we 
cannot logically compel him to agree to accept the 
verification tests themselves. * < Wilson, p. 09 ) 

Carnap acuaurt^, stating: 

everyone is free to decide what kind of verification 
he intends to allow. . . but he makes clear that in the 
Gciences^ statements must be * ultimately verified by 
sense experience*''. (Quoted in Bocheneki, p. 56) 

Thi£. approach makes every person responsible for what they 

believe. Children respond very actively to this ehallenge* and 

become involved in amazingly complex arguments that display an 

exciting level of seldom tapped cognitive ability. Students 

that get involved in this kind cf activity are doing what the 

NEA and the NSTA hav^ been calling for over several decades. 

They are learning how to learn. 

ROWE 

A fourth person whose influence is strongly felt in the 
Children's Lab is Mary Budd Rowe of the University of Floi idi^, 
and her £:ci«r*nce methods textbook for elementary teacher::.. Rcw*e 
1^: the uoiL^t d€=-diuated and Ci.mpetent per^^on I knew of in t^le 
1 mplemen t at ic»n of inquiry teaching in the elemtr-ntary cia^ti^r oorr. 
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She maliitalne that the critical issue in education is the 
student's attitude toward change. Some students believe they can 
influence the direction of chanqe and others do not. The liret 
group she deacribes as bowlers, the second as crapshooters# and 
she designs curriculum to help all students balance theee 
opposite tendencies^ and develop a realistic attitude toward fate 
control. She begin&» with the idea of tsyetemt^ and var xables^ for 
when you learn to manipulate the variable6# you gain some control 
->f the &:y£tem and you can influence outcomes to be more favorable 
than they might be by chance. Mary Budd Rowe see science 
education as a marvelous avenue for teaching children about fate 
control, consequently about hope, and about language. Her tape 
recordings of more than 800 sessions of traditional classroom 
instruction in science led to the astonishing discovery that in a 
40-minute class period, the average teacher asks between 120 and 
200 questioniB. She also discovered that the teacher waits on the 
average^ nine-tenths of one second for students to answer. The 
ci;-^rne studie^s document that some teachers spend as much as 25 X 
of all their talk in praising and blaming* Clearly, there Xil 
little chance of engaging the child's mind in a meaningful way 
about the subject matter when class is conducted like this ! 
Rowe's research is the strongest argument I know of for inquiry 
teaching and learning, and her recommendations for correcting 
thetire appallanq situations have been demonstrated effective. 
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APPENDIX B 



APPENDIK B 



Coraparlaon of •SCIS" and "Concepts in Science" profiles of 
sentence typee taken from comparable topics in each program. 

The SCIS Profile (84S aentencea analyzed) 

Mon-aasertion accounts for b2% of the total sampie. The 
remaining categories are rank ordered by percentage of the rest 
of the sample. The percent shovn la the number of sentences in 
the category over the number of assertions inthe sample (323), to 
the nearest vhole percent. 



Not science subject matter 


29% 


Not fully explicit 


4X 


Analytic (vord meanings) 


28*/. 


Subjective 


3X 


Epistemological 


lax 


Theoretic 


2X 


Synthetic 


12X 


Hon -Cognitive 


OX 


Knowledge how to do 


4X 


Wording not consistent 


OX 



Concepts in Sc ience Profile <552 sentences analyzed) 

Non -assertion accounts for 43X of the total sample. The 
remaining categories are rank ordered and percentages calculated 
as above. 



Concepts in Science Sample Profile 
Theoretic 20% 
Synthetic 15% 



Analytic 

Pseudo - Protocol 

Kake-Believe 

Not Fully Explicit 



13X 
9% 
9X 
8% 



Wording not consistent 7% 
Non-cognitive 7X 
Problems 5X 



Epi^stetnological 
< non-theoretic) 

How to do 

Not Science 



4% 

3% 
1% 



Overtly Subjective IX 

From "A Model to Facilitate the Assessment of Epistemological 
Quality in Elementary Science Programs' unpublished doctoral 
dissertation by Paul K. Knecht, Michigan State University, 1974. 
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